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Though the minimal supersymmetric standard
model (MSSM) 1 is a leading candidate for new physics
beyond the standard model, the conservation of R-parity,
Rp, which is assumed in the model has no real theoret-
ical justification. This has motivated many authors 2
to consider alternatives in which Rp is explicitly bro-
ken. In such models, sparticles can decay into non-
supersymmetric particles alone, leading to novel signa-
tures in search experiments and unusual decay processes.
The most general Rp-violating superpotential that
one can write with the MSSM superfields, in the usual
notation, is
W = λijkLiLjE¯k + λ
′
ijkLiQjD¯k + λ
′′
ijkU¯iD¯jD¯k (1)
Here, i, j, k are generation indices and we have rotated
away a term of the form µijLiHj . Since the λijk term is
symmetric under exchange of i and j, and antisymmetric
in color, it must be antisymmetric in flavor, thus we have
λijk = −λjik . Similarly, λ
′′
ijk = −λikj . The number
of couplings is then 36 lepton nonconserving couplings
(9 of the λ type and 27 of the λ′ type) and 9 baryon
nonconserving couplings (all of the λ′′ type) in total.
It is generally thought that λ, λ′ type couplings can-
not coexist with λ′′ type couplings since both baryon
and lepton number violations would lead to too rapid
a proton decay. For this reason, previous authors have
considered either lepton nonconserving or baryon non-
conserving couplings, but not both. We will first make
this assumption and consider the baryon number violat-
ing λ′′ couplings alone, since most of the earlier effort
has been focused on λ and λ′ couplings 3. Later, we will
examine proton decay in the presence of all three types
of couplings.
We can write the 9 different λ′′ couplings as
λ′′tbs, λ
′′
tbd, λ
′′
tsd, λ
′′
cbs, λ
′′
cbd, λ
′′
csd, λ
′′
ubs, λ
′′
ubd and λ
′′
usd. Let
us first recount the existing constraints on these cou-
plings. Brahmachari and Roy 4 showed that the re-
quirement of perturbative unification typically places a
bound of between 1.10 and 1.25 on many of the cou-
plings. This was generalized to all the couplings by Goity
and Sher 5. The latter also showed, following earlier
work 6,7, that |λ′′usd| can be strongly bounded by the
nonobservation of double nucleon decay into two kaons
(such as 16O → 14C K+K+, which would have been seen
in water Cerenkov detectors), and |λ′′ubd| can be strongly
bounded by the nonobservation of neutron-antineutron
oscillations. Their bounds, for squark masses of 300 GeV,
were |λ′′ubd| < 5× 10
−3 and |λ′′usd| < 10
−6. In the work of
Barbieri and Masiero 7, some bounds on products of cou-
plings were obtained by considering K-K¯ mixing; these
bounds will be discussed shortly. Finally, bounds from
vertex corrections to the decay of the Z into two charged
leptons and into b¯b have recently been obtained 8; though
potentially interesting, with present data they are not
significantly better than the bound from perturbative
unification.
In this Talk, I note that many additional and in-
teresting bounds on the λ′′ couplings can be obtained
by considering rare two-body nonleptonic decays of B
mesons. Let us begin by considering the implications for
λ′′ couplings from such processes.. Since lepton number
is assumed to be conserved, only ∆B = 0 and ∆B = 2
decays can occur. Thus any bounds will be on the prod-
ucts of two λ′′ couplings. Furthermore, since any B-decay
will change the number of “b-flavors” by one unit, bounds
from there will apply to products of the form λuibsλujsd
or λuibdλujsd. We first consider ∆B = 0 (baryon number
conserving) decays which actually give the best bounds
and later comment on the ∆B = 2 processes.
The details of the calculation can be found in the pa-
per of Carlson, Roy and Sher 9. There, it is shown that
the best bounds come from the decay B+ → K¯oK+.
This has an extremely small rate in the Standard Model,
being penguin-suppressed and also reduced by the small
CKM element Vub in the amplitude. The dominant di-
agrams contributing to this process for nonzero λ′′ cou-
plings come from squark exchange. We find that
B.R.(B+ → K¯oK+) ≃ 1.97|λ′′tbsλ
′′
tsd|
2(mW /mt˜)
4. (2)
On using the recent experimental upper bound 10 of
5× 10−5 on the branching ratio, and noting that one can
replace the scalar top with a scalar charm or scalar up,
we then have
|λ′′qbsλ
′′
qsd|m
2
W
m2q˜
< 5× 10−3, (3)
for q = t, c, u.
One can repeat the calculation for the decay B+ →
K¯opi+ (or equivalently B− → Kopi−) in much the same
way. The result (with only the t-squark contribution
being considered) is
|λ′′qbdλ
′′
qsd|m
2
W
m2q˜
< 4.1× 10−3, (4)
for q = t, c, u.
Additional bounds were obtained by Barbieri and
Masiero 7 from the contribution of K-K¯ mixing to the
KL-KS mass difference. We have generalized their re-
sults by including effects from all of the squarks, up-
dated top mass and CKM angles, etc., and find bounds
on several combinations of couplings (including the prod-
uct |λ′′tbsλ
′′
tbd|), the plot can be found in Ref. [9].
What about ∆B = 2 decays? One can envision the
decay B → Σ+Σ− or ΛΛ . However, a simple estimate of
the rate gives branching ratios (assuming the B-violating
couplings are unity and the scalar quark masses are near
the W mass) of O(10−8). The smallness of the rate is
due in large part to two small CKM elements in the am-
plitude. Thus, such processes will not provide interesting
bounds unless 1010 B-decays are studied.
It is generally assumed that the presence of both
lepton nonconserving terms and baryon nonconserving
terms leads to unacceptably rapid proton decay. How-
ever, if enough third generation fields are involved, pro-
ton decay can be sufficiently suppressed as to make some
of the bounds very weak (or, in a few cases, nonexistent).
To see this, suppose both λ and λ′′ terms exist. Consider
the bound on the product |λµττλ
′′
usd|. Although there is a
suppression due to mixing angles and heavy squark prop-
agators, the proton lifetime bound gives a strong bound
of |λµττλ
′′
usd| < 10
−14. This bound is independent of
the final state leptons, and thus applies to all 9 of the
λ couplings. Similar bounds can be obtained for all λ′′
couplings with at most one heavy field (which is then the
scalar quark); we obtain |λijkλ
′′
ubd| < 10
−13, |λijkλ
′′
ubs| <
10−12, |λijkλ
′′
csd| < 10
−13 and |λijkλ
′′
tsd| < 10
−12. How-
ever, if the λ′′ coupling has two heavy fields, a loop is
necessary. This gives much weaker bounds; we obtain
|λijkλ
′′
tbs| < 10
−2, |λijkλ
′′
tbd| < 10
−3, |λijkλ
′′
cbs| < 10
−3
and |λijkλ
′′
cbd| < 10
−2. We thus see that the lack of ob-
vservation of proton decay does NOT always give very
strong bounds on the product of the lepton number vio-
lating and baryon number violating couplings.
Finally, we consider the product of λ′ and λ′′ cou-
plings. Here, there are 27 × 9 possible products, of the
form |λ′ijkλ
′′
abc|. We have examined all posssible prod-
ucts of couplings and found that the vast majority are
tightly bounded (product is less than 10−6), but some
are not. Rather than list the bounds for all 243 combi-
nations, only the bounds which are greater than 10−6
(for the product of the λ′ and λ′′ couplings) will be
given explicitly. It is found that all products with a
λ′′usd, λ
′′
ubd and λ
′′
ubs are smaller than 10
−9. The same is
true for λ′′csd, λ
′′
cbd and λ
′′
cbs, except for |λ
′
tblλ
′′
csd| which
is < 10−1, |λ′uslλ
′′
cbd| which is < 10
−2 and |λ′udlλ
′′
cbs|,
for which no bound better than the unitarity bound
could be found. Here l is any lepton. For λ′′tsd, the
only bound which is not very small is the combination
|λ′cblλ
′′
tsd|, which is bounded only by unitarity. For λ
′′
tbd
and λ′′tbs, we find |λ
′
ud(e,µ)λ
′′
tbd| < 10
−2, |λ′
us(e,µ)λ
′′
tbs| <
10−2, |λ′
c(d,s)(e,µ)λ
′′
tbd| < 10
−3, |λ′
c(d,s)(e,µ)λ
′′
tbs| <
10−3, |λ′cdτλ
′′
tbd| < 10
−5, |λ′csτλ
′′
tbs| < 10
−5, whereas
|λ′(u,c)dτλ
′′
tbs| and |λ
′
(u,c)sτλ
′′
tbd| are bounded only by uni-
tarity. All other bounds are quite tiny. Thus, of the 243
combinations of couplings, thirty have bounds greater
than 10−6, and eight are completely unconstrained by
the lack of observation so far of proton decay.
It is interesting that the standard supersymmetric
model can contain some baryon number and lepton num-
ber violating coupling constants which are of order unity,
and which do not lead to excessively fast proton decay.
Such couplings could be measured when squarks and
sleptons are discovered, since they will lead to baryon
and lepton number violating squark and slepton decays.
These have been extensively discussed by Dreiner and
Ross and by Dimopoulos, et al. 11, who analyze the im-
pact of such decays on phenomenology.
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